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ABSTRACT
Using kinematic maps from the Sloan Digital Sky Survey (SDSS) Mapping Nearby Galaxies at
Apache Point Observatory (MaNGA) survey, we reveal that the majority of low-mass quenched
galaxies exhibit coherent rotation in their stellar kinematics. Our sample includes all 39 quenched
low-mass galaxies observed in the first year of MaNGA. The galaxies are selected with Mr > −19.1,
stellar masses 109 M⊙ < M⋆ < 5× 10
9 M⊙, EWHα < 2 A˚, and all have red colours (u − r) > 1.9.
They lie on the size-magnitude and σ-luminosity relations for previously studied dwarf galaxies. Just
six (15± 5.7 per cent) are found to have rotation speeds ve,rot < 15 km s
−1 at ∼ 1 Re, and may be
dominated by pressure support at all radii. Two galaxies in our sample have kinematically distinct
cores in their stellar component, likely the result of accretion. Six contain ionised gas despite not
hosting ongoing star formation, and this gas is typically kinematically misaligned from their stellar
component. This is the first large-scale Integral Field Unit (IFU) study of low mass galaxies selected
without bias against low-density environments. Nevertheless, we find the majority of these galaxies
are within ∼ 1.5 Mpc of a bright neighbour (MK < −23; or M⋆ > 5 × 10
10 M⊙), supporting
the hypothesis that galaxy-galaxy or galaxy-group interactions quench star formation in low-mass
galaxies. The local bright galaxy density for our sample is ρproj = 8.2 ± 2.0 Mpc
−2, compared to
ρproj = 2.1 ± 0.4 Mpc
−2 for a star forming comparison sample, confirming that the quenched low
mass galaxies are preferentially found in higher density environments.
Key words: galaxies: dwarf, galaxies: evolution, galaxies: kinematics and dynamics
⋆ Contact e-mail: samantha.penny@port.ac.uk
1 INTRODUCTION
Identifying the processes which drive the quenching of star
formation in the observed galaxy population (and there-
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2 S. J. Penny
fore the general decline of star formation in our Uni-
verse; Madau et al. 1996) forms one of the most stud-
ied topics in modern extragalactic astrophysics. While it
has been recognised for decades that both galaxies which
are massive, and those found in higher density environ-
ments are more likely to reside on the red sequence and
be passive/quenched (Balogh et al. 1998; Lewis et al. 2002;
Kauﬀmann et al. 2003; Baldry et al. 2006; Peng et al. 2010;
Thomas et al. 2010; Davidzon et al. 2016; Darvish et al.
2016; Carollo et al. 2016), disentangling these two correla-
tions has proven diﬃcult. It is now generally recognised that
both mass and environment play a role in driving the pro-
cesses which turn oﬀ star formation, such that massive galax-
ies (in any environment, including voids: Penny et al. 2015a)
and galaxies in high density environments (of any mass) are
observed to be likely to be quenched (e.g. Bamford et al.
2009; Peng et al. 2010).
In high density environments (such as large groups
or clusters), external processes such as ram-pressure strip-
ping (Gunn & Gott 1972), tidal harassment (Moore et al.
1996) or gas strangulation (Larson et al. 1980) are eﬀec-
tive in shutting down global star formation. Observations
of quenched massive galaxies (M⋆ > 3 × 10
10 M⊙) even
in voids demonstrate that internal stellar or halo mass-
dependent processes such as supernovae or AGN feedback
(Croton & Farrar 2008), and perhaps even processes of sec-
ular evolution (Penny et al. 2015a) are able to regulate and
shut-oﬀ star formation in any environment. However, the
degree to which such processes can shape the evolution of
low mass galaxies is unknown. AGN feedback might help
galaxies maintain quiescence (Croton et al. 2006), and re-
cently Cheung et al. (2016) demonstrated that low-powered
AGN maintenance-mode feedback (“red geyers”) can heat
accreted cold gas, preventing new star formation, even
if the AGN feedback is not suﬃcient to initially quench
the galaxy. Simulations have shown that supernova feed-
back can halt star formation in dwarf galaxies by driv-
ing out gas (e.g. Dekel & Silk 1986; Stinson et al. 2007;
Gonza´lez-Samaniego et al. 2014), however this ejected gas
can cool and re-accrete, resulting in bursty star forma-
tion histories in isolated dwarf galaxies (e.g. Stinson et al.
2007). Winds driven by star formation can also generate
these bursty star formation histories (Muratov et al. 2015;
El-Badry et al. 2016).
One promising method to isolate the roles in which var-
ious processes play in the cessation of star formation, is to
identify a sample in which we can be sure that the eﬀect of ei-
ther environment or galaxy mass on the galaxy’s evolution is
negligible. In this work we focus our investigation on just the
external, or environmental processes by identifying a sample
in which internal processes should be unable to completely
quench galaxies. Our selection will include low mass galaxies
with stellar masses 109 M⊙ < M⋆ < 5× 10
9 M⊙. There are
few quenched galaxies with low mass found in isolation in
the nearby Universe (e.g. Geha et al. 2012), and so it seems
clear that they are suﬃciently low in mass that internal
feedback is ineﬃcient in driving their evolution from star-
forming to passive. Galaxies in this mass range are some-
times referred to as dwarf galaxies (e.g. Smith et al. 2012),
although other studies restrict their dwarf samples to galax-
ies with M⋆ < 10
9 M⊙ (e.g. Geha et al. 2012), so in this
article we choose to refer to our sample as low mass galaxies
rather than dwarf galaxies.
Despite being the dominant galaxy population by
number in groups and clusters, the formation timescale
and mechanism of lower mass galaxies, including dwarf
spheroidals (dSph, Mr & −14) and dwarf ellipticals (dEs
Mr & −19) are unknown. Like massive galaxies, these lower
mass galaxies are observed to follow a clear morphology den-
sity relation (Binggeli et al. 1990). This relation is such that
dwarf elliptical (dE) and dwarf spheroidal (dSph) galaxies
are found primarily in galaxy clusters or at small distances
from luminous galaxies in groups, whereas dwarf irregulars
(dIrrs) are found in low density regions of the Universe
(Binggeli et al. 1990). It therefore seems likely that a large
fraction of dE galaxies are late-type galaxies that have been
quenched and morphologically transformed by environmen-
tal processes (Kormendy & Bender 2012; Janz et al. 2012;
Rys´ et al. 2013).
The majority of studies examining the origin of lower
mass galaxies (excluding the Local Group dwarfs) are re-
stricted to the Virgo Cluster (e.g. Conselice et al. 2001;
Lisker et al. 2006; Toloba et al. 2011, 2014), with a few stud-
ies extending to other clusters, or to the group environment
(e.g. Penny et al. 2014, 2015b). Penny & Conselice (2008)
show that dEs in clusters exhibit a range of star formation
histories, with some exhibiting old stellar populations con-
sistent with them being part of the primordial cluster popu-
lation, whereas other dEs within the same cluster ceased star
formation much more recently, likely being a later accreted
population. Using IFU spectroscopy of dEs in the Virgo
Cluster, Rys´ et al. (2015) show that dEs can have complex
star formation histories, with both old and young (< 5 Gyr)
stellar components contributing to their mass. In the Virgo
Cluster, these objects show a strong environmental depen-
dence, such that the slow rotators favour the cluster centre,
whereas the fast rotators are typically found at large cluster-
centric distances. The cluster dwarf galaxy population there-
fore appears to be a composite of two subpopulations: an
old, non-rotating, pressure-supported population found pri-
marily in the cluster core, and a younger, rotationally sup-
ported subpopulation, found to larger cluster-centric radii
than the pressure-supported systems (Lisker et al. 2009;
Toloba et al. 2011). These fast-rotating systems are likely
the low-mass end of the cluster infall population. Many show
embedded discy substructure, as revealed by deep imag-
ing and unsharp-masking techniques (De Rijcke et al. 2003;
Graham et al. 2003; Lisker et al. 2006).
Several environmentally-driven mechanisms can quench
low-mass star-forming galaxies. In galaxy clusters, ram-
pressure stripping by the hot intra-cluster medium can
rapidly remove gas from an infalling galaxy in ∼ 100 Myr
(Gunn & Gott 1972; Abadi et al. 1999; Quilis et al. 2000).
However, the eﬀectiveness of this process depends on the
gravitational potential of the infalling galaxy, and the size
of the galaxy group/cluster, such that low-mass discs falling
into massive clusters will be the most strongly stripped.
Tidal processes can also drive the evolution of low-mass
galaxies. Through frequent high-speed galaxy-galaxy inter-
actions, galaxy harassment transforms the morphology of a
galaxy from disc-like to spheroidal, and is again most eﬃ-
cient in the cluster environment (Moore et al. 1996). Thus
we might expect quenched dEs in groups to exhibit kine-
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Faint quenched galaxies in MaNGA 3
matic and morphological diﬀerences to those in rich clus-
ters such as Virgo, Coma, and Perseus, making this study of
quenched low mass galaxies selected independent of environ-
ment or morphology an important addition to the literature.
For example, a dwarf galaxy in the core of a dense galaxy
cluster will be subject to many more fast galaxy-galaxy in-
teractions than a dE located in e.g. the Local Group. Ha-
rassment (e.g. Moore et al. 1996) is likely more eﬀective at
erasing the rotation in the dE’s progenitor disc in a rich
galaxy cluster vs. a poor galaxy group.
The kinematics of galaxies provide information on their
assembly history and origins, with coherent rotation reveal-
ing a more quiescent merger history (e.g. Naab et al. 2014),
and/or monolithic collapse (Eggen et al. 1962), while pres-
sure supported systems can be created via frequent major
mergers or collapse via violent relaxation. A rotationally
supported system can be transformed into a pressure sup-
ported one through galaxy-galaxy interactions via process-
ing including harassment (Moore et al. 1996), while infall of
cold gas is thought to be able to create new rotationally sup-
ported components in galaxies (e.g. McDermid et al. 2006).
This rotationally supported component is likely to be kine-
matically distinct or even counter-rotating from older com-
ponents.
It has been known for some time that massive galaxies
show a range of rotational properties (e.g. Davies et al. 1983;
Bender 1988), with S0-Sb galaxies exhibiting more rapid ro-
tation than giant ellipticals (e.g. Kormendy & Illingworth
1982), which is in strong agreement with more recent work.
For example, nearby massive galaxies have been divided
into two classes based on their stellar angular momenta:
fast and slow rotators (Emsellem et al. 2011). As shown in
Bender & Nieto (1990) and Toloba et al. (2015) this split
extends to the faint galaxy regime (Mr > −19). However,
the kinematics of dwarf galaxies have not been studied in a
large or representative sample to date, nor examined with
large IFU surveys. In this paper, we aim to construct a sam-
ple of low mass galaxies, with no pre-selection on morphol-
ogy or environment, utilising data from the the Sloan Digi-
tal Sky Survey (SDSS, York et al. 2000). Our sample is se-
lected from the Mapping Nearby Galaxies at APO (MaNGA,
Bundy et al. 2015) multi-object IFU survey, which is in
the process of observing a representative sample of ∼ 10k
galaxies from the SDSS Main Galaxy Sample (Strauss et al.
2002), elected to produce a roughly ﬂat stellar mass distri-
bution with M⋆ > 10
9 M⊙ (calculated using a Chabrier
(2003) Initial Mass Function). We deﬁne a low mass galaxy
to be any galaxy with a luminosity or stellar mass compara-
ble to, or smaller than, that of the Large Magellanic Cloud
(Mr ∼ −18.6, ∼ 3 × 10
9 M⊙, van der Marel et al. 2002).
To compile our sample, we therefore select all galaxies in
the ﬁrst year of MaNGA observations that are low mass
(< 5 × 109 M⊙), low luminosity (Mr > −19), and have no
evidence for ongoing star formation. A second paper (Penny
et al., in prep.) will examine the stellar angular momentum
of our faint quenched galaxy sample.
This paper is organised as follows. In Section 2, we dis-
cuss our sample selection, with a description of the MaNGA
survey provided in Section 2.1, the quenched low mass
galaxy selection in Section 2.5, and the local environment of
each galaxy in Section 2.6. Our results are presented in Sec-
tion 3, including results for two low mass quenched galaxies
hosting kinematically distinct cores (Section 3.6). We dis-
cuss our results in Section 4, and conclude in Section 5.
We will apply no environmental or morphological selection
to our sample, which is selected from galaxies observed by
the Sloan Digital Sky Survey (SDSS) galaxy integral ﬁeld
unit (IFU) survey MaNGA (Mapping Nearby Galaxies at
Apache Point Observatory) purely on luminosity (as a proxy
for mass) plus indicators of current star formation (a com-
bination of optical colour and emission line strengths). This
paper is therefore the ﬁrst in which the origin of quenched
low mass galaxies across a range of environments is stud-
ied with a large and representative IFU sample. The only
previous IFU studies of low mass galaxies to date have been
conﬁned to Virgo (Rys´ et al. 2013; Gue´rou et al. 2015), with
the exception of Rys´ et al. (2013) who examine IFU spec-
troscopy for just three dEs selected from the ﬁeld. Through-
out this paper, we assume a cosmology with ΩΛ = 0.7 and
ΩM = 0.3, and H0 = 100h km s
−1 Mpc−1, unless otherwise
noted.
2 SAMPLE SELECTION
2.1 The MaNGA Survey
The IFU data used in this work are taken from the MaNGA
survey. MaNGA is a multi-object IFU survey, one of three
SDSS-IV projects taking observations using the 2.5 metre
Sloan Foundation Telescope (Gunn et al. 2006) at Apache
Point Observatory (APO). Between 2014 and 2020, MaNGA
will obtain IFU spectroscopy for ∼10,000 galaxies with
M⋆ > 1 × 10
9 M⊙, and is constructed to have an approxi-
mately ﬂat mass selection (Wake et al., in prep.). There are
no cuts in morphology, colour, or environment in the target
galaxy selection.
MaNGA utilises the Baryon Oscillation Spectroscopic
Survey (BOSS) spectrograph (Smee et al. 2013). The BOSS
spectrograph provides continuous coverage between 3600 A˚
to 10300 A˚ at a spectral resolution R ∼ 2000 (σinstrument ∼
77 km s−1). 17 galaxies are observed at once on a single
plate, with IFU ﬁbre bundles ranging in angular diameter
between 12 arcsec and 32 arcsec. The ﬁbres have a diameter
∼ 2 arcsec, compared to the typical ground-based seeing
of 1.5 arcsec at APO. A 3-position dither pattern with a
sub-ﬁbre-diameter oﬀset is used to ensure the gaps between
ﬁbres are observed. After dithering, the spatial resolution
of the data is ∼ 2.2−2.5 arcsec (Law et al. 2015), though
the spaxels of the ﬁnal datacube are sampled at 0.5 arcsec
spacing. Based on a Fourier analysis of the observational
PSF in optimal observing conditions, we determined that
0.5 arcsec sampling was required in order to not truncate
the k-space modes.
Complete spectral coverage to 1.5 Re is obtained for
the majority of targets, though a subset have coverage to
2.5 Re (see Bundy et al. 2015, for more details about the
target selection). The ﬁbre bundle size is matched to the
angular size of the galaxy; the low mass galaxies we are
interested in for this study are typically targeted with the
19 ﬁbre bundles. See Bundy et al. (2015) and Drory et al.
(2015) for more detailed descriptions of the MaNGA survey
and instrumentation respectively, and Law et al. (2015) for
the MaNGA observing strategy. Analysis of the prototype
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4 S. J. Penny
MaNGA (P-MaNGA) observations are presented in Li et al.
(2015), Wilkinson et al. (2015), and Belﬁore et al. (2015).
2.2 Data reduction and analysis
The raw data were processed through the MaNGA data re-
duction pipeline (DRP), as discussed in detail by Law et
al., submitted. In short, the MaNGA DRP extracts, wave-
length calibrates, and ﬂux calibrates (see Yan et al. 2016)
all ﬁbre spectra obtained in each exposure, combined from
both the red and blue arms of the two BOSS spectrographs
(Smee et al. 2013). These individual ﬁbre spectra are pro-
vided as part of DR13 (Yan et al., in prep) and termed
row-stacked spectra (RSS). These individual ﬁbre spectra
are then used to construct a datacube with a regular grid of
0.′′5 “spaxels” and spectral channels that are logarithmically
sampled widths of ∆ log λ = 10−4. Our analysis is performed
solely on these rectiﬁed datacubes.
The analysis of the datacubes is performed using the
MaNGA data analysis pipeline (DAP); the development of
this pipeline is ongoing and will be described in detail in
Westfall et al. (in prep). The primary products of the current
DAP are stellar-continuum ﬁts (including stellar kinematic
measurements), emission-line properties (such as ﬂuxes,
equivalent widths, and kinematics), and spectral-index mea-
surements (e.g., the Lick indices from Trager et al. 1998).
For the purposes of this paper, we are primarily interested
in the kinematic data products to establish if the low-mass
quenched MaNGA galaxies have a disc origin.
The workhorse module of the MaNGA DAP for the
stellar-continuum ﬁtting and stellar kinematics measure-
ments is the Penalised Pixel-Fitting (pPXF) method pro-
vided by Cappellari & Emsellem (2004). For the results
presented here, we have ﬁt all spectra in the datacubes
without applying any binning scheme. We ﬁt the ﬁrst two
moments (V and σ) of the line-of-sight velocity distribu-
tion (LOSVD) only using the empirical MILES spectral li-
brary (Sa´nchez-Bla´zquez et al. 2006) as template spectra.
The DAP is also run using the solar-metallicity STELIB
library (Maraston & Stro¨mba¨ck 2011) and the MUISCAT
(Vazdekis et al. 2012) stellar population models, though the
MILES library was best able to recover velocity dispersion
in testing of the DAP code (Westfall et al. in prep.). After
subtracting the best-ﬁtting stellar continuum model from
pPXF, the MaNGA DAP ﬁts the strong O iii, Hα, N ii, and
S ii nebular emission lines. Due to our selection criteria, how-
ever, most of the galaxies in our sample are quenched such
that they have little to no detectable nebular emission.
A critical component of measuring velocity dispersions
(for both the gas and the stars) is the detailed measurement
of the spectral resolution of the datacubes. As discussed by
Law et al. submitted, the resolution measurements provided
as part of DR13, largely the same as the data products we
analyse here, overestimate the spectral resolution by approx-
imately 10 per cent (which is equivalently an underestimate
of the instrumental dispersion). This has lead to a system-
atic overestimate of, e.g., the stellar velocity dispersion for
our galaxies. We therefore apply a correction to the velocity
dispersion measurements based on this known issue. This
correction is determined by calculating the mean spectral
resolution over the wavelength range ﬁtted by pPXF, and
subsequently calculating the equivalent quadrature eﬀect of
the 10 per cent resolution systematic on the stellar velocity
dispersion measurements. For example, for a spectral reso-
lution of 70 km s−1, the correction for the systematic er-
ror in the resolution measurements is (772 − 702)1/2 = 32.1
km s−1, which is then applied in quadrature to the MaNGA
DAP measurements of the velocity dispersion.
2.3 Minimum velocity dispersion measurement
Dwarf galaxies are low mass galaxies, with stellar velocity
dispersions < 100 km s−1, and galaxies in the luminosity
range of our sample (−19.1 < Mr < −17.6) can have values
of σ⋆ < 30 km s
−1 (e.g. Penny et al. 2015b). This is well be-
low the MaNGA instrumental resolution of ∼ 76 km s−1 in
the region of the spectrum from which we extract galaxy
kinematics. We therefore determine the minimum stellar
velocity dispersion σ⋆ that we can reliably measure using
MaNGA data, and how this varies depending on the S/N of
the spectrum by carrying out an idealised Monte Carlo sim-
ulation of the ability of pPXF to recover the true velocity
dispersion of a test spectrum. A template giant star from the
MILES-thin library is selected for this test with a temper-
ature Teff = 4275 K, [Fe/H ] = −0.84, and log10 g = 1.59.
As cluster dEs are frequently dominated by old, metal poor
stellar populations (e.g. Paudel et al. 2010), we selected a
K-giant star to match this. The template has a wavelength
range 3546 A˚ to 7405 A˚, identical to the wavelength range ﬁt
when measuring the stellar velocity dispersions presented in
this paper. This template was convolved with the MaNGA
instrumental resolution, then oversampled by a factor of 10.
The oversampled spectrum is then convolved with 1000 val-
ues of σ⋆,in between 20 km s
−1 and 150 km s−1, and these
inputs are used as input spectra for the pPXF. An arbitrary
velocity oﬀset is also applied to the oversampled spectrum
to better match a true observation of a galaxy redshifted
from z = 0.
The MILES spectrum convolved with the instrumental
resolution is then used as a reference template by pPXF,
and pPXF run to recover the velocity dispersion of the over-
sampled σ-convolved spectra. This pPXF simulation is set to
only recover the ﬁrst two moments of the kinematics e.g. V⋆
and σ⋆. This idealised simulation is repeated for signal-to-
noise values of 100, 50, 30, 20, and 10, with noise randomly
added to the test spectrum at each iteration. The diﬀerence
between the true σ⋆in and the recovered σ⋆out is then calcu-
lated as ∆σ = σout/σin , and this result is plotted in Fig. 1.
As can be seen in Fig. 1, at high S/N > 50, the
true velocity dispersion can be recovered to 40 km s−1,
∼ 60 per cent of the instrumental resolution. 95 per cent
(2σ) of the values of σout recovered by pPXF are within
10 per cent of the original input velocity dispersion σin in
these high S/N cases. When the S/N of the input spectrum
is decreased, the scatter in measured values of σout increases
below the instrumental resolution, such that for a spectrum
with S/N 10, the original velocity dispersion can be in er-
ror by ≈ 20 per cent at σin = 70 km s
−1. Therefore at S/N
6 10, only values of σ⋆ similar to, or higher than, the instru-
mental resolution of ∼ 76 km s−1 can be reliably measured
by pPXF for MaNGA data. At high S/N & 30, velocity dis-
persions to σ⋆ = 40 km s
−1 can be reliably measured to
within ±20 per cent of their true value, and we therefore
adopt this as the minimum value of σstar presented in this
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Figure 1. Ratio the velocity dispersion σout recovered by pPXF
to σin plotted against σin for ﬁve values of S/N (top to bottom:
100, 50, 30, 20 and 10). The small dots are the velocity dispersions
calculated as described in Sec. 2.3, with the mean ratio in bins
of width 13 km s−1 shown as large circles. Intervals containing
68 and 95 per cent (1σ and 2σ) of the values of σout measured
by pPXF are shaded dark and light blue respectively. The verti-
cal dashed line in each panel is the MaNGA velocity resolution
76 km s−1 adopted for the simulation, and horizontal lines at
±20 per cent of σin are provided.
work. All objects except for one galaxy in our sample have
S/N > 30 for a binned spectrum containing all spaxels in-
side 1 Re. A follow-up paper investigating the stellar angular
momentum of the low-mass quenched MaNGA galaxies will
examine how the S/N aﬀects the reliability of the measured
velocity dispersion in greater detail (Penny et al., in prep.).
2.4 Photometry and size determination
The absolute magnitudes of all the MaNGA galaxies pre-
sented in this work are taken from the NASA Sloan At-
las1, and were calculated using the sky subtraction tech-
nique of Blanton et al. (2011). Data in the u,g,r,i,z bands
are provided by the Sloan Digital Sky Survey (SDSS,
York et al. 2000), while the near-UV magnitudes are pro-
vided by Galaxy Evolution Explorer (GALEX) telescope
(Martin et al. 2005).
The colours of the objects are also determined using the
values presented in the NASA Sloan Atlas. The magnitudes
in all bands are measured using the r-band Petrosian aper-
ture, ensuring the same spatial coverage in each photomet-
ric band, and thus accurate colour determination. All pho-
tometry is corrected for foreground Galactic extinction us-
1 http://www.nsatlas.org
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Figure 2. (u−r) colour magnitude diagram for galaxies observed
during the ﬁrst six months of the MaNGA survey. The vertical
dashed line atMr = −19 marks the divide between faint and“reg-
ular” galaxies, and the horizontal line at (u−r) = 1.9 is the lower
colour limit for our sample. Faint galaxies with SDSS single ﬁbre
spectra consistent with passive stellar populations are plotted as
green hexagons. The quenched, faint galaxies have HαEW < 2 A˚
, consistent with little/no ongoing star formation activity.
ing the corrections of Schlegel et al. (1998), and k-corrected
to z = 0 using the k-correct package (Blanton & Roweis
2007). The absolute r-band magnitudes and colours for the
ﬁnal sample of low mass quenched galaxies are presented in
Table 1.
To provide sizes for our low-mass quenched galaxy sam-
ple, the half-light sizes Re (eﬀective radii) of the galaxies are
taken from the NASA Sloan Atlas. The NASA Sloan Atlas
provides two measurements of Re, one taken from a Se´rsic
ﬁt to the galaxy’s light proﬁle, the other the half-light ra-
dius from a non-parametric Petrosian radius. Both sizes are
given in Table 1. In this paper, we choose to use the non-
parametric values of Re,Petrosian for the quenched dwarfs
when plotting their sizes. The light proﬁles of quenched
dwarfs are typically found to be ﬁt by multiple-component
Se´rsic ﬁts (e.g. Janz et al. 2012), and thus sizes of the dwarfs
may not be determined accurately from a single proﬁle. Thus
the Petrosian radius provides a more reliable size measure-
ment for our sample.
2.5 Quenched low mass galaxy selection
We draw our sample from the catalogue of galaxies observed
during the ﬁrst year of MaNGA observing (known inter-
nally as MPL-4) that have been run through version 1 5 1
of the MaNGA DRP, and also processed by the DAP. These
MaNGA datacubes will be released publicly as part of SDSS
Data Release 13 (DR13). MPL-4 consists of 1390 galaxy dat-
acubes from the main MaNGA survey observed during the
ﬁrst year of operations, and it is essentially identical to the
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6 S. J. Penny
Table 1. Basic properties of the MaNGA faint quenched galaxies presented in this paper. The galaxies are selected to have Mr & −19,
and Petrosian half-light radii Re > 500 pc. The redshifts, absolute magnitudes, colours, and sizes of each object are taken from the
NASA Sloan Atlas.
MaNGA ID Plate Fibre Bundle α δ cz Mr (u− r) Re,Petrosian Re,Se´rsic
(J2000.0) (J2000.0) (km s−1) (mag) (kpc) (kpc)
1-38157 8083 1901 03:19:04.24 +00:56:15.0 11265 −18.73 2.21 1.23 1.45
1-38189 8083 3701 03:20:47.95 +00:11:08.2 11260 −18.46 2.12 1.56 1.55
1-38319 8083 6104 03:26:26.27 -00:18:42.1 11278 −18.42 2.32 1.11 1.01
1-43680 8140 3703 07:46:18.28 +41:42:05.9 8438 −18.47 2.22 2.13 2.45
1-43679 8140 1901 07:46:55.01 +41:26:41.6 8597 −18.57 2.34 1.70 3.08
1-217044 8247 1902 09:06:27.82 +41:38:09.3 8191 −18.25 2.36 1.31 1.29
1-567184 8252 1901 09:43:05.75 +48:25:10.9 7608 −18.97 2.20 1.27 1.33
1-255220 8253 1902 10:31:23.00 +42:16:37.8 6711 −18.65 2.39 0.96 1.11
1-277159 8256 3702 10:57:53.04 +40:51:43.7 7526 −18.62 2.36 1.72 2.77
1-277154 8256 1901 10:58:30.53 +40:52:31.9 7384 −17.61 2.24 1.21 1.41
1-277462 8257 1901 11:00:19.64 +45:53:24.1 6570 −17.66 2.41 0.92 1.00
1-256125 8451 1901 11:00:41.70 +42:31:18.5 11465 −18.63 2.27 1.28 0.99
1-256457 8451 1902 11:07:07.52 +42:49:31.8 11056 −18.49 2.31 1.51 1.16
1-258746 8464 1901 12:24:59.18 +45:58:10.2 7214 −17.59 2.39 1.43 1.01
1-456757 8480 3701 12:56:36.01 +26:54:17.2 7895 −17.92 2.09 1.83 2.06
12-110746 7495 1901 13:42:09.59 +27:34:13.3 8634 −18.90 2.28 1.00 0.93
1-519705 8320 1902 13:42:52.14 +22:07:37.1 8386 −17.76 2.20 0.73 0.27
1-235257 8325 1902 14:10:55.18 +46:03:42.6 11992 −18.80 2.27 1.49 1.24
1-629695 8329 1902 14:18:55.06 +45:21:23.9 8296 −19.10 2.37 2.08 2.45
1-252147 8335 1902 14:32:40.23 +40:57:15.2 5422 −18.34 2.24 0.64 0.80
1-322087 8552 3703 15:15:55.85 +43:53:22.6 11795 −18.77 2.34 1.06 0.85
12-49536 7443 1902 15:27:57.86 +42:58:16.3 5673 −18.57 1.96 1.70 1.68
1-209113 8485 1902 15:42:19.14 +48:27:56.6 11358 −18.55 2.87 1.53 0.34
1-322680 8315 1901 15:43:02.18 +38:39:37.8 11201 −18.95 2.23 1.39 1.37
1-209078 8486 3702 15:43:05.98 +48:22:43.7 11423 −18.49 2.07 1.53 2.00
1-133945 8486 3703 15:55:31.53 +47:40:38.3 5493 −17.16 2.24 1.57 1.82
1-133948 8486 6103 15:55:33.91 +48:01:20.6 5851 −18.40 2.33 2.05 2.70
1-92638 8548 1901 16:09:08.14 +47:38:09.9 11417 −18.61 2.08 1.03 0.98
1-211019 8604 1902 16:28:46.22 +39:39:21.2 9098 −18.91 2.46 1.02 1.12
1-211044 8312 3703 16:29:43.71 +40:00:59.4 8281 −18.66 2.33 1.89 2.74
1-211098 8601 3701 16:31:24.94 +39:41:34.6 8505 −18.53 2.50 2.26 3.37
1-94958 8612 3702 16:53:52.94 +39:49:46.7 10158 −18.44 2.14 1.62 2.28
1-136306 8606 12702 17:03:28.78 +36:26:12.0 6946 −18.24 2.11 . . . . . .
1-634477 7957 1901 17:03:34.87 +36:24:05.5 6957 −18.84 2.29 1.42 1.79
1-24124 7991 3703 17:14:07.26 +57:28:38.8 8049 −18.54 2.08 2.01 2.66
1-24354 7991 6102 17:24:19.64 +56:52:34.6 8249 −18.55 2.39 2.57 3.75
1-113525 7815 1902 21:09:43.22 +11:21:18.9 5080 −17.87 1.92 2.33 2.74
1-113520 7815 1901 21:10:00.53 +11:30:38.3 5026 −18.29 2.54 0.94 1.14
1-115062 7977 1901 22:03:25.29 +12:40:33.2 7811 −18.81 2.53 0.73 0.41
SDSS-DR13 catalogue. MPL-4 contains 1351 unique targets,
with 39 datacubes being repeat observations of the same ob-
jects.
We select galaxies to be quenched using a combina-
tion of their luminosity and single-ﬁbre line strengths, with
this information taken from the NASA Sloan Atlas. We
do not use galaxy colour during the selection process, as
the red sequence can contain a mix of genuine non star-
forming quenched galaxies, and star-forming galaxies with
dust-reddened colours such as edge-on spiral galaxies. Fur-
thermore, at low luminosity, the colours of quenched galax-
ies overlap with those of star forming galaxies, such that the
red sequence is no longer well deﬁned (Taylor et al. 2015).
To identify low-mass objects in the MaNGA survey , we ﬁrst
select galaxies to haveMr > −19, sometimes used as the ab-
solute magnitude dividing dwarf and regular galaxies (e.g.
Janz et al. 2012; Toloba et al. 2014). A total of 323 galax-
ies (23 per cent of MPL-4) are fainter than this magnitude
threshold, the majority being low-mass spiral or irregular
galaxies. This absolute magnitude cut restricts the study to
galaxies with stellar masses M⋆ . 5× 10
9 M⊙.
Quenched dwarfs are then selected based on the
strength of their Hα line, with EWHα < 2 A˚ as pro-
vided in the NASA Sloan Atlas consistent with a galaxy no
longer hosting active star formation (e.g. Geha et al. 2012).
The galaxies are matched to the NASA Sloan Atlas, which
provides these single-ﬁbre measurements. 305 matches are
found, though 18 galaxies in our sample are non-matches to
the NASA Sloan Atlas. Of the 305 matches, 43 are found
to have Hα equivalent widths < 2 A˚ and do not host on-
going star formation. The majority of the red galaxies with
HαEW > 2 A˚ have a clear edge-on disc morphology, consis-
tent with them being dust-reddened edge-on spirals.
To check that the remaining 43 galaxies are indeed
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Faint quenched galaxies in MaNGA 7
emission-line free objects, we use a single, all-galaxy spec-
trum made up of all the stacked spectra in a MaNGA
datacube, shifted to the galaxy’s line-of-sight velocity, and
stacked. These stacked spectra are checked for emission lines,
which removed four star forming disc galaxies. Another ob-
ject was removed for having an incorrect redshift, being lo-
cated at z = 0.278 rather than z = 0.0286 as listed in the
NASA Sloan Atlas, withMr = −22.5. This object (MaNGA
12-180451) furthermore has σ = 253 ± 18.8 km s−1, giving
a dynamical mass & 1011 M⊙, which places it well outside
of the dwarf galaxy regime.
Binned MaNGA spectra for the 18 non-matches to the
NASA Sloan Atlas are then checked to ensure we are not
missing any quenched, low mass galaxies in our ﬁnal sample.
An inspection of their single-bin MaNGA spectra (all spaxels
binned together) reveals just one of the non-matches to be
an emission line free object, and it is therefore kept in our
ﬁnal sample of faint quenched galaxies. The ﬁnal sample of
39 quenched low mass galaxies have absolute magnitudes
−19.1 < Mr < −17.6, consistent with previous studies of
the dynamics of dEs in the Virgo Cluster (e.g. Geha et al.
2003; Forbes et al. 2011; Toloba et al. 2011; Rys´ et al. 2013;
Penny et al. 2015b). They furthermore have red colours (u−
r) > 1.9 and lie on the red sequence of the colour magnitude
relation (see Fig. 2), again consistent with them hosting a
quiescently evolving stellar population.
To conﬁrm that these are indeed quenched objects,
and not just dusty star forming galaxies, we utilise the
strength of the 4000 A˚ break as an indicator of the very
low light-weighted ages of their stellar populations. We fol-
low Geha et al. (2012) who deﬁne a quenched galaxy to
have EWHα < 2 A˚ and a 4000 A˚ break Dn4000 > 0.6 +
0.1 log10(M⋆). Using this relation, a quenched galaxy in our
sample with M⋆ ∼ 10
9 M⊙ would have Dn4000 & 1.5 if
it has been quenched for > 500 Myr. Most (36/39) ob-
jects in this ﬁnal sample have strong 4000 A˚ breaks with
Dn4000 > 1.5, indicating they host old stellar populations.
One object had Dn4000 = 1.35 ± 0.05, and the remaining
two galaxies did not have single-ﬁbre measures of Dn4000
present in the NASA Sloan Atlas. As none of these three
objects exhibit any strong emission, we keep them in our
sample of quenched low mass galaxies. This is just a check
to conﬁrm these objects are indeed quenched, and a strong
value of Dn4000 is not required for an object to make
our ﬁnal cut. We then conﬁrm that our ﬁnal galaxies are
quenched throughout their structures using MaNGA spec-
troscopy to provide spatially-resolved emission line strength
information. None of the low mass quenched galaxies exhibit
emission lines consistent with ongoing star formation, with
EWHα < 2 A˚ throughout their structures.
The physical spatial coverage of our sample is variable.
11 objects in our sample are in the primary MaNGA sam-
ple, which will target ∼ 5000 galaxies to ∼ 1.5 Re. A fur-
ther 16 objects in our sample are “colour enhanced” tar-
gets, selected from an additional ∼ 1700 targets added to
the MaNGA primary target list to increase the number of
high-mass, blue galaxies, low-mass, red galaxies, and green
valley galaxies in the survey. Such objects are relatively
rare, but nevertheless trace important stages of galaxy evo-
lution. The galaxies in the colour-enhanced sample are also
observed to 1.5 Re. The remaining 11 galaxies are in the
secondary MaNGA sample, which contains ∼ 3300 galaxies
targeted to∼ 2.5 Re. The targets in the primary sample have
0.017 < z < 0.029, the targets in the secondary sample have
0.034 < z < 0.040, and the targets in the colour-enhanced
sample have 0.017 < z < 0.030. See (Bundy et al. 2015) for
a more detailed description of the MaNGA target samples.
Our ﬁnal sample branches the luminosity gap between
IFU surveys of bright early-type galaxies (e.g. SAURON,
ATLAS3D: de Zeeuw et al. 2002; Cappellari et al. 2011a),
and dE/dSph surveys (e.g Wolf et al. 2010; Forbes et al.
2011; Penny et al. 2015b). The basic properties of the ﬁ-
nal sample of low mass quenched MaNGA galaxies are
listed in Table 1. They are located at 0.017 < z < 0.040
(70 Mpc < D < 160 Mpc), and have mean velocity dis-
persions within 1 Re of 40 km s
−1 < σe < 127 km s
−1,
spanning those typically found for dEs and low luminosity
E/S0 galaxies (see the galaxy sizes presented in Norris et al.
2014). Five objects in our sample had values σe that could
not be reliably measured due to low S/N < 10 in the stellar
continuum, or having values of σ well below the instrumental
resolution.
2.6 Nearest Bright Neighbour
Deﬁning the environment of a galaxy is not simple (see e.g.
Muldrew et al. 2012 for a review on this subject). This situ-
ation becomes even more complex when looking at low-mass
satellite galaxies including dEs. Quenched dwarf galaxies can
have large peculiar velocities relative to the massive galax-
ies in their host group or cluster (e.g. Conselice et al. 2001;
Drinkwater et al. 2001). This results in a higher velocity dis-
persion for the low mass population as a whole than the el-
liptical galaxies. This increase is thought to be the result of
either gravitational interactions with other cluster members
(resulting in large peculiar velocities), or due to some low
mass galaxies being part of the recent infall population. For
example, in the Virgo Cluster, the velocity dispersion of the
younger infall dwarf population is higher than that of the
original cluster dE population (Lisker et al. 2009).
The MaNGA survey covers several galaxy clusters, in-
cluding Virgo, Coma and Leo, and numerous galaxy groups,
all of which have very diﬀerent local densities. Rather
than using e.g. 3rd nearest neighbour methods or aperture
count methods to describe the local environment of our
dE sample, we instead use the distance to their nearest
bright/luminous neighbour galaxies. We use this method
as quenched dwarf galaxies have been found even in rela-
tively poor galaxy groups (e.g. Trentham & Tully 2009). For
each low mass quenched galaxy, we therefore search for the
nearest bright galaxy (MK < −23) with a measured red-
shift within 1000 km s−1 of that galaxy. This nearest bright
neighbour galaxy is not necessarily the central galaxy of the
dwarf’s parent halo.
The bright galaxies are selected from the 2MASS red-
shift survey (Huchra et al. 2012), due to its more extended
sky coverage than SDSS. We select bright galaxies to have
an absolute K-band magnitude MK > −23 in a cosmology
with H0 = 70 km s
−1, identical to the magnitude cut used
by Geha et al. (2012). This magnitude cut corresponds to a
stellar mass ∼ 3 × 1010 M⊙, the characteristic stellar mass
above galaxies are typically dominated by old stellar popula-
tions (Kauﬀmann et al. 2003). The projected separation and
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8 S. J. Penny
velocity separation of each low-mass galaxy from its nearest
bright neighbour is given in Table 2.
We use a velocity cut of ±1000 km s−1 to search for
each dwarf’s nearest bright neighbour galaxy as the velocity
dispersion of an individual cluster’s dwarf galaxy popula-
tion can be > 750 km s−1 (e.g. Conselice et al. 2001), due
to the large spread in the peculiar velocities of the low mass
cluster galaxies. A velocity cut of < 1000 km s−1 may miss
some bright nearest neighbour galaxies due to the broad
radial velocity range of dwarfs vs. massive galaxies. Our
velocity cut of ±1000 km s−1 cut ensures we identify the
nearest bright neighbour for most dwarfs with large pecu-
liar velocities. We also calculate the local galaxy density of
each low-mass galaxy in our sample, as the number of galax-
ies brighter than MK = −23 within a projected distance of
1 Mpc from the dwarf.
2.6.1 Star forming comparison sample
To examine if environment is responsible for quenching low-
mass dwarf galaxies, we compare the nearest bright neigh-
bour distances of the quenched faint galaxies to the near-
est bright neighbour distance of an approximately mag-
nitude matched sample of dwarf irregular/spiral (dI/dS)
galaxies. An identical nearest bright neighbour search is
therefore made for a star forming comparison sample. To
compile this comparison sample, a random selection of 39
low luminosity (Mr > −19.1), blue (u − r < 1.9) star
forming galaxies is drawn from the same catalogue of ob-
served MaNGA galaxies as the passive sample. The red-
shift range of the randomly-drawn sample is matched to
that found for the low-mass quenched galaxies. Like the
faint quenched galaxies, no environmental constraints are
placed on this randomly drawn luminosity-matched com-
parison sample. The randomly drawn star-forming sample
has −19.1 < Mr < −17.6, and the nearest bright neighbour
separations for the star-forming comparison sample are pro-
vided in Fig. 3.
3 RESULTS
3.1 Local Environment
We examine the local environment of each dwarf using the
distance to their nearest bright neighbour, as described
in Section 2.6. The majority (37/39) of the quenched
low-luminosity MaNGA galaxies have luminous, high-mass
neighbours within a projected separation of 1.5 Mpc and a
velocity separation < 1000 km s−1. Most (36/39) are found
within a projected distance < 1 Mpc from their nearest lu-
minous neighbour, with the smallest projected separation
∼ 22 kpc. The median projected separation for the low-mass
quenched galaxies is 184 ± 93.1 kpc, well within the typical
virial radius of a galaxy group/cluster (≈ 1.5 Mpc). For the
star forming comparison sample, the median separation is
617 ± 157 kpc. The median velocity separation between a
faint quenched galaxy and its nearest bright neighbour is
157 ± 48 km s−1, compared to 192 ± 57 km s−1 for the
star forming comparison sample. A diﬀerence in local envi-
ronmental density between the quenched and star-forming
samples is also found, with ρproj = 8.2± 2.0 Mpc
−2 for the
Table 2. Separation of each MaNGA faint quenched galaxy from
its nearest bright neighbour (MK < −23 usingH0 = 70 km s
−1 to
match Geha et al. 2012). The projected separation of the galaxy
from its nearest bright neighbour is provided (Dproj), along with
the velocity separation of the two galaxies (vsep).
MaNGA ID Nearest Bright Galaxy MK Dproj vsep
(mag) (kpc) (km s−1)
1-38157 2MASXJ03191026+0058524 −24.25 98 68
1-38189 2MASXJ03194561-0004376 −24.64 719 186
1-38319 2MASXJ03254456-0030307 −23.76 512 -309
1-43680 UGC 04018 −25.07 313 -135
1-43679 UGC 04018 −25.11 139 23
1-217044 CGCG 209-027 −24.46 341 -9
1-567184 UGC 05145 −25.12 770 230
1-255220 UGC 05657 −24.00 1077 -168
1-277159 CGCG 213-011 −23.81 51 308
1-277154 CGCG 213-011 −23.77 140 166
1-277462 UGC 06076 −24.38 45 144
1-256125 2MASXJ11002009+4227089 −23.45 190 173
1-256457 2MASXJ11061019+4246476 −23.47 346 160
1-258746 CGCG 244-011 −23.24 127 290
1-456757 NGC 4821 −24.20 79 850
12-110746 IC 4317 −23.32 707 6
1-519705 CGCG 131-029 −24.84 30 125
1-235257 2MASXJ14115540+4614170 −23.40 513 -464
1-629695 2MASXJ14174126+4527568 −23.23 347 68
1-252147 UGC 09386 −23.71 439 -276
1-322087 2MASXJ15220547+4339026 −23.75 2320 -20
12-49536 NGC 5934 −24.60 60 110
1-209113 2MASXJ15415258+4831191 −23.32 181 92
1-322680 2MASXJ15432371+3859230 −23.24 652 16
1-209078 2MASXJ15415258+4831191 −23.33 490 157
1-133945 UGC 10097 −25.11 184 -468
1-133948 CGCG 250-023 −23.84 119 -219
1-92638 2MASXJ16040373+4745173 −23.22 1702 -685
1-211019 MCG +07-34-074 −23.48 65 -33
1-211044 2MASXJ16293306+3954108 −23.21 170 653
1-211098 2MASXJ16311927+3944383 −23.60 79 -766
1-94958 2MASXJ16535637+3948459 −23.95 35 181
1-136306 UGC 10677 −24.85 22 -156
1-634477 UGC 0677 −24.86 26 -144
1-24124 NGC 6338 −25.95 254 -136
1-24354 CGCG 277-042 −24.53 60 -920
1-113525 UGC 11694 −24.63 470 15
1-113520 CGCG 426-015 −23.34 431 14
1-115062 NGC 7195 −24.26 34 -83
quenched galaxies, compared to ρproj = 2.1±0.4 Mpc
−2 for
the star forming sample. Thus an environmental diﬀerence
is seen such that the quenched dwarfs are typically found
at higher local projected density than the star-forming com-
parison sample.
We compare these projected separation results to those
for a volume-limited sample of galaxies, which also allows us
to check that MaNGA is not biased towards particular envi-
ronments. We compare this result to the general distribution
of low-mass quenched galaxies in the same redshift range as
our sample galaxies (0.017 < z < 0.040). To do this, we
perform a Monte-Carlo simulation, where a random sample
of 39 galaxies with Mr > −19.1 is randomly drawn from
the NASA Sloan Atlas. This random sampling is performed
1000 times. The nearest bright neighbour for each dwarf is
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Figure 3. Velocity separation of each faint MaNGA quenched
galaxy plotted against the separation of each object from its near-
est bright neighbour. The low-mass quenched galaxies are shown
as green hexagons. The nearest bright neighbour withMK < −23
within ±1000 km s−1 of each galaxy is identiﬁed, similar to
Geha et al. (2012), though we use a larger velocity. A comparison
sample of randomly drawn, low mass star forming galaxies is in-
cluded for comparison (blue stars). The vertical lines are located
at projected separations of 1 Mpc and 1.5 Mpc. The low-mass
quenched galaxies are typically found within 1.5 Mpc of a bright
neighbour.
found, and the median bright neighbour separation for the
random sample is calculated. The general low mass galaxy
population has a median projected separation 463± 24 kpc,
intermediate between that of our low-mass quenched sample,
and the randomly-drawn star forming comparison sample.
The low-mass quenched galaxies are therefore preferentially
found at smaller projected bright-galaxy separations than
the general low mass galaxy population, while star-forming
low-mass galaxies are typically found at larger separations.
We compare the projected separations of the quenched
and star forming galaxies from their nearest bright neigh-
bours using a two-sided Kolmogorov-Smirnov test. The two-
sided K-S test gives p = 0.0042, and thus we reject the
null hypothesis that the low-mass quenched and star form-
ing galaxies are drawn from the same parent population.
This test result indicates an environmental dependence, such
that the quenched objects are found at smaller separation
from their nearest bright neighbour than the star forming
comparison sample. An identical test comparing the veloc-
ity separation of the two populations gives p = 0.51, and
the two populations thus have a very similar distribution
in velocity separation. The lack of truly isolated dEs in this
small sample conﬁrms the importance of local environmental
density in shutting oﬀ star formation in low mass galaxies.
Given the small sample size of 39 dEs presented in this
paper, we do not search for environmental trends in the
properties of the low mass quenched galaxies, such as size or
velocity dispersion diﬀerences with respect to local environ-
mental density. By the conclusion of the MaNGA survey in
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Figure 4. The size-magnitude relation for passive stellar sys-
tems. The quenched low-mass MaNGA galaxies are shown as
green hexagons. The compilation of Norris et al. (2014) is shown
for comparison, with early-types (primarily taken from the
ATLAS3D, Cappellari et al. 2011a) shown as red squares, dwarf
ellipticals as blue circles, and compact ellipticals as purple stars.
The MaNGA galaxies follow the same size-magnitude relation as
dwarfs galaxies previously examined in the literature, and lie in
the region of the diagram where the size-magnitude relation of
dEs and cEs diverge.
2020 & 200 early-type faint galaxies will have been targeted
for IFU spectroscopy, and clusters including Coma will be
targeted as part of the survey. This will allow for a statisti-
cally signiﬁcant sample of dEs to be examined over a range
of environmental density, spanning galaxy groups and clus-
ters.
3.2 The size-magnitude relation
We compare the sizes of the low mass quenched MaNGA
galaxies to those of galaxies already studied in the litera-
ture. In Fig. 4, we plot the size-magnitude relation for early-
type stellar systems, as the half-light eﬀective radii Re of
the galaxies against their absolute V -band magnitude MV .
The compilation of Norris et al. (2014) is plotted for com-
parison, which is primarily drawn from the ATLAS3D sur-
vey (Cappellari et al. 2011a) for “normal” galaxies, with the
full range of data sources provided in Norris et al. (2014).
All photometry in the Norris et al. (2014) catalogue is con-
verted to V -band, and thus we perform the same conversion
on our SDSS photometry. The r-band absolute magnitudes
of our dE sample are converted to the V -band to match
the catalogue of Norris et al. (2014). This is done using the
conversion V = g − 0.55(g − r) − 0.03 from Smith et al.
(2002). Typical (g − r) colours of the quenched galaxies
are ∼0.7, so the colour term of this conversion is small. As
the Norris et al. (2014) sample is a compilation, with the
half-light radii of their compiled galaxy sample measured
using multiple techniques and datasets, we do not correct
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10 S. J. Penny
Table 3. Kinematic information for the quenched MaNGA
dwarfs. b/a is the axial ratio of the galaxy taken from the NASA
Sloan Atlas, ve,proj is the observed stellar velocity at 1 Re , and
ve,rot is the inclination-corrected rotational velocity at the pro-
jected radius. The luminosity weighted mean stellar velocity dis-
persion σe within 1 Re is calculated for each galaxy using a binned
datacube containing all spectra within 1 Re. The ﬁnal column
provides the S/N of the spectrum from which the kinematics are
extracted, with this S/N calculated over the r-band region of the
spectrum.
MaNGA ID b/a ve,proj ve,rot σe S/N
(km s−1) (km s−1) (km s−1)
1-38157 0.74 35± 5.7 52± 7.7 65± 4 53
1-38189 0.85 1± 3.7 2± 3.8 < 40 51
1-38319 0.98 9± 5.0 42± 5.2 103 ± 4 49
1-43680 0.89 42± 5.8 94± 6.4 52± 4 63
1-43679 0.78 68± 5.6 108± 5.7 78± 4 67
1-217044 0.87 38± 3.4 77± 3.8 60± 3 75
1-567184 0.95 17± 3.6 55± 5.8 74± 3 111
1-255220 0.81 1± 2.3 2± 2.8 83± 3 129
1-277159 0.82 46± 5.5 80± 8.3 70± 3 88
1-277154 0.80 29± 4.4 48± 4.7 40± 4 57
1-277462 0.93 8± 8.3 22± 21.1 67± 4 63
1-256125 0.95 3± 5.1 11± 8.4 88± 4 52
1-256457 0.96 7± 6.3 27± 7.2 61± 4 44
1-258746 0.94 4± 11.8 11± 13.7 68± 4 41
1-456757 0.90 54± 14.9 122 ± 23.2 < 40 42
12-110746 0.95 21± 3.3 70± 5.0 102 ± 3 79
1-519705 0.92 12± 3.5 30± 6.4 86± 4 63
1-235257 0.88 43± 3.5 91± 5.1 57± 4 57
1-629695 0.94 8± 6.6 24± 7.0 73± 3 89
1-252147 0.76 15± 1.7 22± 2.0 79± 3 110
1-322087 0.92 21± 2.8 55± 2.8 95± 4 58
12-49536 0.63 45± 3.2 58± 3.4 50± 3 122
1-209113 0.97 22± 4.6 91± 8.9 65± 4 53
1-322680 0.95 22± 3.9 68± 5.0 101 ± 4 69
1-209078 0.78 25± 5.2 40± 6.9 51± 4 46
1-133945 0.84 8± 14.2 15± 20.2 < 40 37
1-133948 0.76 8± 6.5 12± 7.6 60± 4 66
1-92638 0.87 15± 3.8 31± 4.9 70± 4 41
1-211019 0.92 37± 5.5 94± 12.7 115 ± 3 88
1-211044 0.74 52± 3.9 77± 4.2 72± 4 65
1-211098 0.87 44± 7.5 90± 8.9 60± 4 46
1-94958 0.89 8± 7.7 18± 8.0 75± 5 41
1-136306 0.79 . . . . . . < 40 12
1-634477 0.85 44± 5.0 85± 7.3 94± 3 89
1-24124 0.67 61± 3.3 83± 3.5 57± 4 70
1-24354 0.57 83± 5.6 102± 6.1 72± 4 66
1-113525 0.78 13± 6.3 21± 6.4 < 40 49
1-113520 0.83 6± 4.1 11± 5.1 67± 3 119
1-115062 0.89 10± 2.8 22± 4.3 128 ± 3 104
our galaxy sizes for this ﬁlter conversion. The majority of
the low mass quenched MaNGA galaxies lie on the same re-
gion of the size-magnitude diagram as existing dEs, where
the relations for dEs and cEs diverge. However, one of the
galaxies, MaNGA 1-115062 is unusually small for its lumi-
nosity, having a size Re,Petrosian = 640 kpc, comparable to
that of a compact elliptical.
3.3 Kinematic maps and velocity profiles
We examine the kinematics of the quenched low-mass galax-
ies using the output from the MaNGA DAP (Section 2.2).
The stellar velocity maps, stellar velocity dispersion maps,
radial velocity proﬁles and σ proﬁles for two faint quenched
galaxies are shown in Fig. 5 Maps for the remaining low-
mass quenched galaxies are provided in Appendix A. The
radial velocity proﬁles in Fig. 5 have not been corrected for
galaxy inclination, nor for the eﬀect of beam smearing. Also
included for each object is an SDSS colour image overlaid
with the IFU ﬁeld-of-view. As can be seen in Figure 5, the
galaxies exhibit a range of kinematic properties, with some
exhibiting clear rotation (e.g. MaNGA 12-49536), while oth-
ers do not (e.g. MaNGA 1-256125). Within 1 Re, the kine-
matics of most low-mass galaxies are dominated by σ⋆ rather
than v.
For each quenched galaxy, the stellar velocity disper-
sion σe is measured within 1 Re using binned datacubes
which two radial bins spanning 0 to 1 Re and 1 to 2 Re
respectively. We utilise the measurements from the ﬁrst bin
only, which includes all spectra to 1 Re. This binning scheme
ensures a high S/N from which each galaxy’s stellar veloc-
ity dispersion can be robustly measured, with 38/39 dwarfs
in our sample having S/N > 40 within 1 Re. The calcu-
lated values of σe for the low-mass quenched galaxies are
given in Table 3. Four galaxies in our sample have values
of σe < 40 km s
−1 despite high S/N spectra, and their
stellar velocity dispersions cannot be accurately measured
(see Fig. 1). A ﬁfth galaxy, MaNGA 1-136306, has an ex-
tremely low S/N = 12 in its binned spectrum, and its σ⋆
cannot be determined using current MaNGA spectroscopy.
The remaining 34 faint quenched galaxies have mean stellar
velocity dispersions 40 km s−1 < σe < 127 km s
−1.
We also extract the observed stellar velocity ve,proj at
the eﬀective radius of each dwarf, along the dwarf’s ma-
jor axis. This velocity is extracted from their unbinned dat-
acubes, with these values provided in Table 3. We correct
these values of ve,proj for the inclination of each galaxy, and
these values of ve,rot also included in Table 3. The inclination
i of each galaxy is calculated as cos(i) = b/a where b/a is
the axial ratio of the galaxy as provided by the NASA Sloan
Atlas. The velocity at one eﬀective radius is then corrected
for the inclination of the galaxy as ve,rot = ve,proj/ sin(i).
The low-mass quenched galaxies typically have values of
ve,rot < 100 km s
−1. The majority (23/39) of the galaxies
in our sample have σe > ve,rot at 1 Re.
3.4 Gas emission
While their colours and central Hα equivalent widths are
consistent with them hosting quenched stellar populations,
a fraction of the low-mass quenched galaxies exhibit emis-
sion lines in their spectra. We inspect their emission line
velocity maps, which conﬁrm that the majority of the dEs
in our ﬁnal sample (33/39) are emission-line free objects.
The gas velocity maps of these galaxies are consistent with
noise maps, and we therefore do not include these maps in
this paper.
However, six galaxies in our sample have noticeable ro-
tation traced by their gas emission, and gas velocity maps
for these objects are shown in Fig 6. None of these have
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Figure 5. The kinematic properties of two example quenched low-mass galaxies in the MaNGA survey. Each plot contains four panels,
and only spaxels with values of σ⋆ recoverable at their S/N have been displayed in the maps. Top left panel: SDSS colour image of
each faint quenched galaxy, with the MaNGA IFU ﬁeld of view overlaid. Top middle panel: observed stellar velocity map to a radius of
5.5 arcsec. Top-right panel: observed stellar velocity dispersion map. Bottom panel: stellar rotation curve extracted along the kinematic
major axis. These velocities have not been corrected for beam smearing eﬀects. The typical PSF of a combined MaNGA datacube
(2.5 arcsec FWHM) is shown as a green shaded circle. The velocities have not been corrected for the inclination of the galaxy. The
majority of objects are rotating, with ﬂat velocity dispersion proﬁles (e.g. MaNGA 12-49536), though a few objects exhibit unusual
kinematics, including kinematically distinct cores (e.g. MaNGA 1-113520). Kinematic maps for the remaining galaxies in our sample are
provided in Appendix A.
emission line strengths consistent with any signiﬁcant star
formation throughout their structures. We trace their emis-
sion using the average radial velocity of all well-measured
emission lines, as provided by the DAP (Section 2.2).
For the six objects in which weak gas emission is de-
tected, the rotation of their gas is misaligned with respect
to the rotation of their stellar populations. Gas that is kine-
matically oﬀset from a galaxy’s stellar component is a likely
indicator of accretion (e.g. Davis et al. 2011), though in an
axisymmetric potential the gaseous component will relax
over time, and may be misaligned by either 0◦ or 180◦.
MaNGA 1-113520 (which exhibits a kinematically distinct
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Figure 6. Gas-emission line velocity maps for the six faint
quenched galaxies in our sample with clear rotation in their
ionised gas emission. Their Hα emission-line strength is incon-
sistent with signiﬁcant ongoing star formation throughout their
structures, with EW(Hα) < 2 A˚.
core), MaNGA 1-209078, MaNGA 1-629695, and MaNGA 1-
567184 have their gas rotation is oﬀset from their stellar ro-
tation by < 180◦. MaNGA 1-255220, which exhibits a kine-
matically distinct core in its stellar component, only exhibits
gas emission in its inner region. The rotation of this compo-
nent is oﬀset by 180◦ to the stellar rotation of the galaxy.
The remaining galaxy, MaNGA 1-43679 has it ionised gas
component rotation oﬀset by 180◦ from its stellar rotation.
3.5 The σ-luminosity relation
The σ-luminosity relation for quenched stellar systems is
show in Fig. 7, with the MaNGA galaxies plotted as green
hexagons. We plot the values of σe as calculated in Sec-
tion 3.3. Again, the compilation of Norris et al. (2014) is
plotted for comparison, using the same symbols as Fig. 4.
The majority of the MaNGA galaxies have velocity disper-
sions comparable to those already measured in the literature
(typically for Virgo dEs), with σe < 100 km s
−1. However,
ﬁve have velocity dispersions higher than this, not typical
σ for dwarf galaxies. The smallest object in our sample
(MaNGA 1-115062, Re = 676 pc) lies in the cE region of
the diagram. This galaxy exhibits the highest velocity dis-
persion of any galaxy in our sample, with σe = 128 km s
−1.
This small size and high velocity dispersion, combined with
its low luminosity (Mr = −18.8), makes it a candidate cE
galaxy, else an extremely low-luminosity elliptical galaxy.
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Figure 7. The σ-luminosity relation for passive stellar systems.
The quenched MaNGA galaxies are shown as green hexagons. The
compilation of Norris et al. (2014) is also plotted for comparison,
and the symbols have the same meaning as in Fig. 4. The majority
of the faint MaNGA galaxies with (u− r) > 1.9 have values of σ
comparable to those of dEs previously examined in the literature.
However, some have σ values > 100 km s−1, similar to those
typically measured for cEs (Gue´rou et al. 2015).
3.6 Kinematically decoupled cores
Two of the faint passive galaxies have kinematically distinct
cores (KDCs) as revealed by their radial velocity and ve-
locity dispersion maps: MaNGA 1-113520 and MaNGA 1-
255220. They have absolute magnitudes Mr = −18.29 and
Mr = −18.65 respectively, and have smooth, ﬂattened mor-
phologies with b/a = 0.75 and 0.64 respectively. The line-
of-sight stellar velocity curve and velocity dispersion proﬁles
of both galaxies are shown in Figure 8. The proﬁles are ex-
tracted along a 1 arcsec wide strip centred along each ob-
ject’s major photometric axis, to mimic a typical long-slit
observation.
A counter-rotating KDC is clearly seen in the stellar
rotation curve of MaNGA 1-113520, where a sharp veloc-
ity turnover is observed at a radius of 0.5 kpc. MaNGA
1-255220 does not exhibit any signiﬁcant rotation at radii
< 2.5 arcsec, ∼ 1.2 kpc, at which the velocity rapidly in-
creases consistent with disc-like rotation.
Both galaxies also exhibit unusual velocity dispersion
proﬁles, such that the stellar σ is lowest at the centre of
the galaxy, with the velocity dispersion proﬁles furthermore
ﬂat in the central regions. However, σ⋆ increases rapidly by
≈ 30 km s−1 with radius at R > 500 pc in both galaxies, with
σ peaks equidistant from each galaxy’s centre. These σ peaks
are oﬀset from the radial velocity turnover by ∼ 500 pc in
both galaxies. In addition to their unusual stellar kinemat-
ics, both dwarfs exhibit an ionised gas component, which is
counter-rotating to their stellar component in both cases.
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Figure 8. Radial velocity (top panel) and stellar velocity dispersion proﬁles (bottom panel) for two passive faint MaNGA galaxies with
kinematically-distinct cores. The vertical dashed lines are located at R = 0 and ±1 Re,Petrosian. The kinematics are taken from each
dwarf’s datacube, along a 1 arcsec wide aperture to mimic a typical long-slit observation. The aperture is aligned with the dwarf’s major
axis. The radial velocity proﬁles for both galaxies invert, and two σ peaks are clearly seen, indicating the presence of counter-rotating
discs in both galaxies.
The properties and local environments of the two dwarfs are
described in more detail below.
3.6.1 MaNGA 1-113520
At Mr = −18.29, with Re = 0.94 kpc and σe = 67 ±
3 km s−1, MaNGA 1-113520 falls on the regions of the size-
magnitude and σ-luminosity relation typically occupied by
dE galaxies. The galaxy exhibits a clear 180◦ twist in its stel-
lar kinematics at R = 2′′, within 1 Re. We therefore assume
that the KDC is due to the presence of two counter-rotating
discs. The galaxy has a disc-like morphology, and is listed as
an S0 galaxy in the NASA Extragalactic Database. It is lo-
cated at a projected distance of 431 kpc and v = 14 km s−1
from the nearest bright galaxy. All galaxies listed in the
NASA Extragalactic Database within a projected radius of
1 Mpc from MaNGA 1-113520 are within v = 400 km s−1,
with a velocity dispersion of σgroup = 160 km s
−1. The
galaxy exhibits weakly-ionised gas emission, and this gas is
kinematically misaligned from the stellar rotation. This mis-
aligned ionised gas may be the result of the accretion event
responsible for the formation of the kinematically-distinct
stellar components. Alternatively, this component could be
an ionised wind, similar the “red geyser”maintenance-mode
feedback identiﬁed in Cheung et al. (2016).
3.6.2 MaNGA 1-255220
MaNGA 1-255220 has Mr = −18.65, Re = 0.96 kpc and
σe = 83 ± 3 km s
−1, and has a inclined edge-on disc mor-
phology. It is remarkably isolated for a quenched low mass
galaxy, and its nearest bright neighbour galaxy (UGC 05657,
MK = −24) is located at a projected separation of 1.53 Mpc.
In its central regions, MaNGA 1-255220 exhibits weak Hα,
indicating the presence of ionised gas. This ionised gas is ro-
tating with an oﬀset of 180◦ to the outer stellar component
of the galaxy. This suggests the two-σ structure seen in the
stellar velocity dispersion map of MaNGA 1-255220 is the
result of gas accretion, which resulted in the formation of
two counter-rotating stellar discs.
4 DISCUSSION
4.1 The local environment of low-mass quenched
galaxies
The faint quenched galaxies we identify in this work are
typically located within ∼ 1.5 Mpc and ±1000 km s−1 of
an MK = −23 or brighter galaxy, with a mean separation
of 368 ± 74 kpc, and a median separation 184 ± 93 kpc.
The majority (29/39) are within 500 kpc of a galaxy with
MK < −23 (corresponding to a stellar mass ∼ 3×10
10 M⊙).
Only 2 low mass galaxies have a separation > 1.5 Mpc
from their nearest bright neighbour and might therefore
be considered isolated galaxies. As can be clearly seen in
Fig. 3, this is in contrast to a randomly drawn mass-matched
sample of low-mass star forming galaxies, which have a
mean separation of 857 ± 125 kpc, and a median separa-
tion 617 ± 157 kpc from their nearest bright neighbour.
A diﬀerence in local environmental density between the
quenched low mass galaxies and star forming comparison
is also seen, such that the quenched dwarfs have a local
bright (MK < −23) galaxy density ρproj = 8.2±2.0 Mpc
−2,
compared to ρproj = 2.1 ± 0.4 Mpc
−2 for the star-forming
comparison sample.
This is consistent with previous studies (e.g. Geha et al.
2012), and conﬁrms that low-mass galaxies must be located
at a small separation from a massive galaxy (or in over-
dense regions of the Universe) for their star formation to be
shut-oﬀ, with 97 percent of quenched dwarfs in SDSS found
within 4 virial radii of a bright/massive host galaxy. While
Geha et al. (2012) use a lower mass/luminosity threshold
for dwarf galaxies than our work when deﬁning their sample
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(< 109 M⊙), this environmental trend holds in the mass
range we examine here.
Due to their low mass, galaxies with M⋆ < 5× 10
9 M⊙
are likely unable to completely quench their star formation
through secular processes (e.g. AGN feedback), and must
either undergo interactions with the intra-group/cluster
medium, else with a massive galaxy in order for star forma-
tion to be permanently quenched. Indeed, only two of the
low mass quenched galaxies in our sample, are located more
than 1.5 Mpc from the nearest massive galaxy. Internally
driven processes such as e.g. maintenance-mode AGN feed-
back may help these low-mass galaxies maintain quiescence
(e.g. Cheung et al. 2016).
These two remaining galaxies, MaNGA 1-322087 and 1-
92638 have projected separations > 1.5 Mpc from the near-
est galaxy brighter than MK = −23. However, our velocity
cut of ±1000 km s−1 when identifying host galaxies is quite
restrictive, as galaxies on highly radial plunging or infall
orbits can have a large velocity separation from their host
galaxies. Relaxing this velocity cut to±1500 km s−1 does not
reveal any closer bright galaxies with MK < 23. However,
both faint quenched galaxies are within a few virial radii of
a nearby galaxy group or cluster, and may have been tidally
stripped of star-forming material through a process such as
ram pressure stripping. We also cannot rule out the pos-
sibility that these galaxies are in a quiescent phase, having
ejected their gas due to feedback eﬀects. An analysis of their
stellar populations is required to constrain their formation
timescales.
We have shown in Fig. 4 and Fig. 7 that despite being
located across multiple groups and clusters, the MaNGA
faint quenched galaxies follow the same size-magnitude
and σ-luminosity relation as bright dE galaxies examined
in previous studies.This agrees well with the results of
Penny et al. (2015b), where dEs in groups and clusters are
found to lie on the same regions of the σ-luminosity and
size-magnitude relations. According to the numerical sim-
ulations of Smith et al. (2015), harassment is only eﬃcient
in truncating stellar discs in the cluster core environment,
and we therefore suggest that group dEs are more likely to
host disc-like substructure than their cluster counterparts.
Harassment can set up counter-rotating components in a
galaxy (Gonza´lez-Garc´ıa et al. 2005), though the conditions
required for this KDC formation scenario are restrictive.
4.2 Kinematically distinct cores as evidence of
accretion
We identify two faint galaxies with kinematically distinct
cores (KDCs): MaNGA 1-113520 and MaNGA 1-255220.
The properties of both objects are described in detail
in 3.6.1, As can be seen in Fig. 8, both galaxies have
strong peaks in their velocity dispersion proﬁles, at radii
of 1.2 kpc and 1.6 kpc respectively (1.3 Re and 1.7 Re re-
spectively). The σ peaks have amplitudes ∼ 85 km s−1 and
∼ 110 km s−1, though σ within 1 Re is lower than this
(67 km s−1 and 83 km s−1 respectively). Both galaxies ex-
hibit strong central σ dips of ∼ 30 km s−1, and have rotation
< 15 km s−1 inside 1 Re (≈ 1 kpc). Such galaxies are re-
ferred to as 2σ galaxies in Krajnovic´ et al. (2011).
Koleva et al. (2011) identiﬁed a similar low-mass galaxy
in the Virgo Cluster, VCC 1475, which also exhibits a
strong central dip in its kinematics. Using IFU spectroscopy,
Gue´rou et al. (2015) conﬁrm the galaxy’s unusual kine-
matic structure. The galaxies contain two stellar discs, with
their rotation oﬀset by 180◦, with the σ peaks located
where the two discs intersect. Indeed, several quenched low-
mass galaxies with kinematically distinct cores are now
known in the literature (de Rijcke et al. 2005; Thomas et al.
2006; Koleva et al. 2011; Toloba et al. 2011; Rys´ et al. 2013;
Toloba et al. 2014). In low density environments, 14 ±
10.1 per cent of dE galaxies contain KDCs, compared to
5.6± 2.3 per cent of dEs in Virgo (Toloba et al. 2014). This
is remarkably similar to the fraction of KDCs found in this
work, with 5.1±3.6 per cent of our galaxies containing such
features. While currently dominated by low-number statis-
tics, it appears KDCs in low mass galaxies may be more
common in low density regions of the Universe versus clus-
ters.
The formation of such galaxies is suggested to be the
result of accretion, either through the accretion of a satellite
galaxy, or via the accretion of cold gas. Our nearest bright
neighbour search reveals both KDCs to reside in group-like
environments, with < 7 bright neighbour galaxies within
1.5 Mpc, where conditions are likely favourable for such in-
teractions. However, in the cluster environment gas accre-
tion is unlikely, and galaxy mergers are expected to be rare
due to the high relative velocities of the cluster members.
We might therefore expect to ﬁnd more quenched low mass
galaxies with counter-rotating stellar components in groups
rather than clusters, as conditions are more favourable to
their formation via gas accretion.
A second formation scenario is galaxy harassment,
which operates most eﬃciently in rich galaxy clus-
ters. Harassment produces kinematically decoupled fea-
tures with a velocity turnover at radii R > 1.5 Re
(Gonza´lez-Garc´ıa et al. 2005), while the KDCs seen in the
two objects examined here have a velocity turnover within
∼ 1 Re. Furthermore, the initial conditions required for a
low mass galaxy to form a KDC though harassment are
very restrictive, and only 1 per cent of dwarfs in a Virgo-
like cluster are expected to exhibit counter-rotating cores
(Gonza´lez-Garc´ıa et al. 2005) if they are the result of galaxy
harassment. MaNGA has not yet observed many cluster
galaxies, and the galaxies examined here are likely to primar-
ily reside in the group environment. In galaxy groups, condi-
tions are more favourable for gas and/or satellite accretion
than in clusters, due to smaller relative velocities between
the group galaxies. However, Kazantzidis et al. (2011) also
show that these kinematically distinct structures can be the
result of tidal stirring, whereby repeated interactions with a
single, high-mass galaxy such as the Milky Way are able to
morphologically transform a low mass disc galaxy. While the
tidal stirring simulations of Kazantzidis et al. (2011) focus
on much lower mass galaxies than we examine in this work,
tidal stirring has been suggested as the origin of early-type
dwarfs in groups (Paudel & Ree 2014). Thus we cannot com-
pletely rule out a tidal origin for the KDCs we identify here.
4.3 Non-rotating galaxies
It is clear from the velocity maps in Figure 5 and Appendix A
that the majority of the faint quenched galaxies we exam-
ine here are rotating at some level. However, we identify
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6 objects that are not rotating at a signiﬁcant level within
1 Re, with ve,rot < 15 km s
−1: MaNGA 1-38189, MaNGA 1-
255220, MaNGA 1-256125, MaNGA 1-258746, MaNGA 1-
133948, and MaNGA 1-113520. All have absolute magni-
tudes Mr ≈ −18.5, and Re between 1 kpc and 1.5 kpc,
typical for their luminosity as shown in Fig. 4. These galax-
ies with rotation < 15 km s−1 at 1 Re, have stellar veloc-
ity dispersions which vary from < 40 km s−1 through to
103 km s−1. Most are remarkably round systems, with an
axial ratios b/a > 0.75 at their eﬀective radii, and thus we
may be viewing these dwarfs near face-on, where rotation
can be diﬃcult to detect.
Galaxy-galaxy interactions are expected to be ex-
tremely common in the core of rich clusters, and thus ha-
rassment can easily transform a disc galaxy into a spheroid.
This transformation can also act on the galaxy’s stellar kine-
matics, and transform a rotationally supported galaxy into a
pressure supported one. For example, in the Virgo Cluster,
the majority of the dwarf slow rotators (10/11) examined
by Toloba et al. (2015) are located in the inner 1 Mpc of
the cluster, well within the virial radius, with the same en-
vironmental dependence found for the non-dwarf early-type
galaxies (Cappellari et al. 2011b). The six faint galaxies we
identify here with little/no rotation are all located in groups,
where harassment is not thought to be an eﬃcient process in
transforming galaxy morphology. Indeed, they are located at
varying distances from their nearest bright neighbour, with
projected separations 170 kpc < DL⋆ < 1530 kpc.
However, harassment is not the only tidal process that
can disrupt rotation in a satellite galaxy. The simulations
of  Lokas et al. (2015) show that a low mass disc galaxy in
the halo of a Milky-Way like galaxy halo can have its ro-
tation disrupted by tidal stirring. During tidal stirring, bar
instabilities are set-up in the disc of the dE progenitor, and
this bar eventually collapses into a spheroid. This processes
results in dE supported by the random motions of its stars.
Benson et al. (2015) suggest that tidal stirring is the cause
of the observed environmental trends in dwarf galaxies in
Virgo, such that the slow rotators are primarily located in
the inner regions of the cluster. Likewise, a similar trend is
observed for higher mass galaxies, with slow-rotators nearly
absent in the lowest density environments, and most com-
mon in the cluster core (Cappellari et al. 2011b). The eﬀec-
tiveness of harassment is highly dependent on the nature of
the dwarf’s orbit, such that a dwarf on a prograde orbit will
eﬃciently remove rotation, while the kinematics will be lit-
tle aﬀected for a dwarf on a retrograde orbit around its host
galaxy.
4.4 Disc galaxies as the progenitors of faint
passive galaxies
The majority (33/39) of the galaxies in our sample of
low mass, quenched galaxies are rotating with ve,rot >
15 km s−1, consistent with observations of dE galaxies in the
outskirts of the Virgo cluster (e.g. Toloba et al. 2015). Rota-
tion in dE galaxies is likely evidence of a disc origin, though
interactions with other galaxies and/or the cluster/group
tidal potential can erase regular rotation and substructure.
The simulations of El-Badry et al. (2016) show that Internal
feedback processes that drive inﬂow/outﬂow can drive radial
stellar migration, again aﬀecting the galaxy dynamics.
Several of the objects in our faint quenched galaxy sam-
ple exhibit clear spiral or disc-like structure. For example,
MaNGA-24124 has clear bar/spiral structure at its centre,
while MaNGA-113525 has faint spiral arms. Lisker et al.
(2006) show that a high fraction of Virgo dEs exhibit similar
structures, despite having red colours and quenched stellar
populations. As the MaNGA faint quenched galaxies are typ-
ically located in galaxy groups rather than clusters, we might
expect more spiral/disc features to survive the transforma-
tion process from a star-forming disc to a quenched dwarf.
A low mass group dwarf will undergo fewer high-speed tidal
interactions than a similar galaxy in a massive cluster core.
While spiral galaxies are typically assumed to be star
forming, spiral galaxies can host optically red stellar popula-
tions, consistent with little or no star formation (Wolf et al.
2009; Masters et al. 2010). Bamford et al. (2009) show that
the fraction of red spiral galaxies with M⋆ . 5 × 10
9 M⊙
increases rapidly as local galaxy density increases. At lo-
cal galaxy densities of 10 Mpc−2, half of all spiral galax-
ies with M⋆ ≈ 5 × 10
9 M⊙ have red optical colours. The
fraction of low mass red galaxies that originated as spiral
galaxies in these dense environments may well be higher,
as spiral structure is easily erased in high density environ-
ments. This is in agreement with Wolf et al. (2009), who ﬁnd
that below M⋆ = 10
10 M⊙, red spirals are rare in the Abell
901/902 cluster, with their rapid quenching accompanied by
fast morphological transformation. Thus a large fraction of
the quenched low-mass galaxies that we observe in groups
and clusters today are an extension of this red spiral popu-
lation to low luminosity.
5 CONCLUSIONS
We have examined the kinematics of 39 quenched low lu-
minosity galaxies in the MaNGA survey with Mr > −19.1.
The majority (37/39) are located within ∼ 1.5 Mpc and
±1000 km s−1 of a luminous neighbour with MK > −23,
with a median separation of 184 kpc, conﬁrming the result
of Geha et al. (2012) that a massive neighbour is required
to quench star formation in low mass galaxies. The faint
quenched galaxies have half-light radii 0.64 kpc < Re <
2.57 kpc, and velocity dispersions (<)40 km s−1 < σe <
128 km s−1. The majority of our sample lie on the size-
magnitude and σ-luminosity relation for bright dwarf ellip-
tical galaxies, though ﬁve objects with σ > 100 km s−1 are
likely low-luminosity “classical” ellipticals rather than dwarf
galaxies.
Kinematic maps reveal the majority of the low-mass
quenched MaNGA galaxies to be rotating, with clear
disc-like structure seen in many dwarf galaxies of com-
parable magnitude. Given this result, and that the low
mass quenched galaxies are primarily found in galaxy
groups/clusters at small separation from a bright neigh-
bour galaxy, we suggest that most of our sample are
quenched/passive spiral galaxies that have been stripped
of star forming material, but have not undergone suﬃcient
tidal interactions to completely erase their substructure.
This is in contrast to smooth dEs observed in clusters such
as e.g. Virgo where galaxy harassment is able to operate
more eﬃciently to morphologically transform low-mass disc
galaxies into dEs.
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Two galaxies, MaNGA 1-113520 and MaNGA 1-255220
show counter-rotation in their stellar kinematics with their
velocity proﬁles turning over at < 1 Re, and furthermore ex-
hibit distinctive 2σ peaks in their stellar velocity dispersion
maps. These two objects host counter-rotating stellar discs,
likely the result of a recent gas accretion event, but may
have a tidal origin. As we have a relatively small sample size
of 39 galaxies, this result suggests low mass galaxies hosting
kinematically decoupled cores may be relatively common.
While the majority of low-mass quenched galaxies
in our sample are emission-line free objects, six exhibit
weakly-ionised gas emission throughout their structures,
with HαEW < 2 A˚. The two galaxies with KDCs exhibit
rotation in their ionised gas component, and this the gas is
kinematically misaligned with their stellar component. Four
other dwarfs in our sample also have measurable rotation
in their ionised gas component, again kinematically-oﬀset
from their stellar components. As this gas does not share
the same angular momentum as the stellar component, we
suggest this kinematic misalignment is the result of accre-
tion. However, we also note that counter-rotating gas that
is kinematically oﬀset by 180◦ can occur without the need
for accretion due to relaxation.
MaNGA has observed 39 quenched low mass galaxies
in its ﬁrst 12 months of observing, we can expect this sam-
ple size to grow to ∼ 200 galaxies upon completion of the
project. For the ﬁrst time, the spatially resolved dynamics
and star formation histories of low mass galaxies will be
examined using a statistically signiﬁcant sample, and com-
pared to their high-mass counterparts. In future work, for
those low-mass galaxies with suﬃciently high velocity dis-
persions, we will determine the fraction of fast vs. slow ro-
tators in this mass regime, and compare these fractions to
those found in high-mass galaxies. We will also examine the
quenching timescales of the faint galaxy sample.
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APPENDIX A: KINEMATIC MAPS AND
PROFILES
Kinematic maps are provided in Fig. A1 for the faint,
quenched galaxies examined in this work. The maps are con-
structed using data from unbinned datacubes. The stellar ve-
locity maps only include spaxels with S/N > 10, while the
stellar velocity dispersion maps only include spaxels with
S/N > 20 and σ⋆ > 40 km s
−1. The maps are uncorrected
for galaxy inclination or for the eﬀect of beam smearing.
This paper has been typeset from a TEX/LATEX ﬁle prepared by
the author.
 at U
niversity of St A
ndrew
s on A
ugust 22, 2016
http://m
nras.oxfordjournals.org/
D
ow
nloaded from
 
18 S. J. Penny
Figure A1. SDSS colour images (left panel), radial velocity maps (middle panel), and stellar velocity/σ maps for the MaNGA quenched
faint galaxies. The stellar velocity maps only include spaxels with S/N > 10, and the stellar velocity dispersion maps only contain spaxels
with S/N > 20 and σ⋆ > 40 km s−1. The maps are uncorrected for galaxy inclination and beam smearing eﬀects.
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Figure A1 – continued Kinematic maps and proﬁles for quenched faint galaxies in MaNGA.
 at U
niversity of St A
ndrew
s on A
ugust 22, 2016
http://m
nras.oxfordjournals.org/
D
ow
nloaded from
 
20 S. J. Penny
Figure A1 – continued Kinematic maps and proﬁles for quenched faint galaxies in MaNGA.
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Figure A1 – continued Kinematic maps and proﬁles for quenched faint galaxies in MaNGA.
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Figure A1 – continued Kinematic maps and proﬁles for quenched faint galaxies in MaNGA.
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Figure A1 – continued Kinematic maps and proﬁles for quenched faint galaxies in MaNGA.
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Figure A1 – continued Kinematic maps and proﬁles for quenched faint galaxies in MaNGA.
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Figure A1 – continued Kinematic maps and proﬁles for quenched faint galaxies in MaNGA.
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